Plasmid profiles, the location of cholera toxin subunit A genes, and the presence of the defective VcA1 prophage genome in classical Vibrio cholerae isolated from patients in Bangladesh in 1982 were compared with those in older classical strains isolated during the sixth pandemic and with those in selected eltor and nontoxigenic 01 isolates. Classical strains typically had two plasmids (21 and 3 megadaltons), eltor strains typically had no plasmids, and nontoxigenic 01 strains had zero to three plasmids. The old and new isolates of classical V. cholerae had two HindIII chromosomal digest fragments containing cholera toxin subunit A genes, whereas the eltor strains from Eastern countries had one fragment. The eltor strains from areas surrounding the Gulf of Mexico also had two subunit A gene fragments, which were smaller and easily distinguished from the classical pattern. All classical strains had 8 to 10 HindIII fragments containing the defective VcA1 prophage genome; none of the Eastern eltor strains had these genes, and the Gulf Coast eltor strains contained a different array of weakly hybridizing genes. These data suggest that the recent isolates of classical cholera in Bangladesh are closely related to the bacterial strain(s) which caused classical cholera during the sixth pandemic. These data do not support hypotheses that either the eltor or the nontoxigenic 01 strains are precursors of the new classical strains.
The first six cholera pandemics reportedly started in the state of West Bengal, India, and Bangladesh (5) . There is little information about the etiological agent of the first four pandemics which occurred between 1817 and 1875. The development of laboratory culturing techniques allowed the isolation of the classical biotype of Vibrio cholerae in 1883 during the fifth pandemic. The sixth pandemic (1898 to 1923) was also caused by classical strains (5) . The seventh, and most recent, pandemic (1960 to the present) was caused by the eltor biotype of V. cholerae, first appearing in Sulawesi in Indonesia rather than in India and Bangladesh (1).
The eltor biotype was initially isolated in 1886 by Gotschlick. It was different from isolates of the fifth and sixth pandemics and was initially associated only with sporadic episodes of diarrheal illness (21) . As the eltor biotype spread to areas where the classical biotype had been endemic, it completely replaced the classical biotype as the causative agent of cholera (9) . The eltor biotype was apparently responsible for more asymptomatic carriers than was the classical biotype and demonstrated a greater ability to survive in the environment. These characteristics seemed to explain the competitive advantages that led to the spread of eltor and the total replacement of classical strains (21) . Eltor was also thought to be more infectious and more persistant in humans than was the classical biotype (1) .
In Bangladesh between 1973 and 1979, eltor was the only biotype of V. cholerae isolated. In 1979 on one day, six classical biotype strains were isolated, followed by three in 1980 and two in 1981 (18) . In September of 1982, there was a dramatic rise in the number of isolates of the classical biotype in Dhaka, Bangladesh, where only the eltor biotype had been isolated between January and September. From September through December, the classical biotype in-* Corresponding author.
creased to more than 300 isolates per week, constituting more than 90% of patient isolates (18) .
The purpose of this paper is to compare plasmid profiles, the chromosomal location of cholera toxin (CT) A subunit structural genes, and the presence of defective VcA1 prophage in recent isolates of the classical biotype of V. cholera with those in isolates obtained during the sixth pandemic, with those in eltor isolates from the seventh pandemic, and with those in nontoxigenic V. cholerae 01 isolates.
MATERIALS AND METHODS
Bacterial strains. The strains used in this study, their date of isolation, and their source are presented in Tables 1, 2 , and 3. Many of the classical biotype strains isolated before 1960 were provided by H. L. Smith, Jr., Jefferson Medical School, Philadelphia, Pa., and W. R. Romig, University of California, Los Angeles. Biotype was determined by standard methods (22) , and toxigenicity was confirmed by hybridization, using a radioactive DNA probe for CT genes (6) .
Plasmid analyses. Cleared lysates of cultures were prepared by an alkaline denaturation method (2) . Further purification of the cleared lysate was accomplished by the addition of ribonuclease, extraction with phenol, and reprecipitation with ethanol. The purified plasmid DNA was digested by the restriction endonuclease Hindlll (Bethesda Research Laboratories, Rockville, Md.) according to the instructions of the manufacturer. Lambda phage DNA was included in each enzyme reaction procedure as a control for completed digestion and for electrophoresis. Plasmid DNA preparations were examined by vertical agarose gel electrophoresis, using 0.8% agarose gels (thickness, 3 mm) and a TBE buffer (89 mM Tris base, 2.5 mM disodium EDTA, 89 mM boric acid) run at 35 mA for 2 to 2.5 h (15). Gels were then stained with ethidium bromide and visualized by UV H218  VC12  VC13  B1307  RV2  G27982  G28096  G28117  G28190  H23337  H23448  111748  111795  J139  3118-78   1916  1921  1922  1933  1939  1941  1941  1942  1940s  1949  1957  1958  1959  1950s  1960  1960  1960  1965  1969  1969  1969  1969  1970  1970  1971  1971  1972  1978   T19755  T19765  T19766  T19767  T19768  U10198  922-80  952-80  X22491  X22501  68  RV34  RV151  CA401   1979  1979  1979  1979  1979  1980  1980  1980  1982 in TBE buffer for 18 h. The DNA fragments in the gel were stained with ethidium bromide dye for 20 min, washed, placed on an UV transilluminator, and photographed. The DNA fragments were blotted from the gel onto a nitrocellulose membrane by the method of Southern (19) . The transfer was allowed to proceed for 16 to 18 h, using 20x SSC buffer (lx SSC, 0.15 M NaCl plus 0.015 M sodium citrate). The membranes were baked in a vacuum incubator at 80°C for 2 h and stored at room temperature.
Preparation of DNA probe for CT. The gene sequence responsible for the production of CT was previously cloned from V. cholerae 01 (13) Gerdes and Romig (7, 8) . Phage VcA1 DNA was purified by phenol extraction and ethanol precipitation and stored at 4°C (16) . The phage DNA was labeled with 32P by the nick-translation procedure (17) .
Hybridization. Nitrocellulose membranes were preincubated for 3 h at 37°C in hybridization solution (50% formamide, lx SSC, 0.1% sodium dodecyl sulfate, 1.0 mM disodium EDTA, Denhardt solution [0.01% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin]). After preincubation, membranes were transferred to hybridization solution containing ca. 2 x 106 cpm of 32P-labeled DNA and 10 ,ug of sonicated calf thymus DNA per ml. Both DNA preparations were denatured by incubation at 100°C for 10 min before addition to hybridization solution. Hybridization occurred at 37°C for 18 h. Membranes were then washed in 5x SSC at 65°C for 1 h, rinsed in 2x SSC at 21°C, and air dried. These stringent conditions allow the association of DNA strands which possess 95%, or more, homology. Membranes were then placed in cassettes with Kodak XOmat AR film and held at -70°C for 24 h before developing. RESULTS Of the 42 classical biotype strains of V. cholerae 01, 34 contained a 3-and a 21-Mdal plasmid species (Table 1, Fig.  1 ). It should be noted that both plasmids are present as very weak bands in the agarose gels. This may reflect a low copy number per Vibrio cell (that only a small percentge of the cell population is carrying plasmid DNA) or a loss of plasmid during the DNA isolation procedures. In several experiments, it was necessary to pool two plasmid DNA preparations to see the plasmid banding in agarose gels. In classical strains in which both bands were not initially visible, up to four plasmid preparations were pooled. Results for each study strain of V. cholerae 01 are given in Tables 1, 2 , and 3. The oldest classical strain (no. 74) used in this study was isolated in 1916 and had no detectable plasmid DNA. Five classical strains contained only the 3-Mdal plasmid, and one strain contained only the 21-Mdal plasmid. One isolate, H23337, contained a 6.6-and a 15-Mdal plasmid (combined mass, 21.6 Mdal).
Only 1 of the 13 typical eltor biotype isolates, 9061-79 (ATCC 14033), contained plasmid DNA; this was the oldest isolate and the ATCC reference strain for eltor. Some of the 13 nontoxigenic isolates contained a variety of plasmids which may reflect the heterogeneity of this group (Table 3) . The plasmid DNAs from strains RV31, X22501, and 2168-81 were digested by HindIII ( Fig. 1 and 2 2168-81 contained no DNA fragments similar to the classical strain digests (Fig. 2) .
HindlIl digest patterns of chromosomal DNA from the 42 classical biotype strains and the 13 typical eltor biotype strains were visually indistinguishable (Fig. 2) . Chromosomal DNA digests of the 13 nontoxigenic isolates were visually different from those of both eltor and classical strains.
Hybridization with the CT subunit A probe indicated that these genes are found on two HindIll fragments, with similar mobility, in most of the classical biotype strains (Fig. 3) . There appear to be variations of 2 to 3 kilobases in fragnments among most strains; this variation is seen among strains isolated in Dhaka, Bangladesh, from 1969 through 1982. One of the most recent Bangladeshi classical biotype isolates, X22491, and strain 104 which was isolated in 1933 have similarly migrating subunit A hybridizing fragments (Fig. 3) . Also, strain 74 isolated in 1916 in Japan is much like strain 80 which was isolated in 1939 in Hong Kong (Fig. 3) (3, 12) . The E. coli LT genes do not hybridize with the CT subunit A genes under the stringent conditions used in this study (Fig. 3) .
All classical biotype strains in this study hybridized with the phage VcA1 (Fig. 4) (biotype) responsible for the sixth pandemic. Based on previous epidemic investigations, plasmid profiles have been sensitive and reproducible genetic markers, useful in defining epidemic bacterial strains (20) . The spontaneous loss of plasmid DNA is a characteristic which adds to the sensitivity of this analysis and which may explain the lack of plasmids in strain 74 and the apparent loss of plasmids from other strains. Most of the V. cholerae strains isolated before 1970 have been subcultured on laboratory media and stored in a variety of ways (lyophilization, frozen skim milk, or on agar slants under oil). It is interesting that the persistent 3-and 21-Mdal plasmids are not found in eltor or nontoxigenic strains.
Our data from hybridization with the CT subunit A probe emphazise the similarity of classical strains; variations were small and infrequent. These data showing greater variation among the eltor strains confirm and expand the data reported by Kaper et al. (12, 14) , when they used the E. coli LT subunit A probe under less stringent hybridization conditions. The 13 nontoxigenic V. cholerae 01 strains did not contain genes for the toxin subunit A. They also did not have chromosomal DNA HindlIl digest patterns similar to those of the classical and eltor biotype DNAs. There was a significant visual similarity between HindlIl digest of classical and eltor chromosomal DNAs.
Data from a previous study indicated that the temperate phage VcA1 may have properties similar to coliphage Mu (11) . For this reason we investigated the presence of VcA1 in chromosomal DNA. Hybridization studies (Fig. 4) suggest that the VcA1 genes and the surrounding chromosomal DNA are stable by this analysis. Phage VcA1 has a mass of ca. 20 Mdal (11). We hybridized VcA1 DNA and plasmid DNA preparations from several classical biotype strains and found no homology between the phage DNA and the 21-Mdal plasmid. Plasmid preparations were also probed for toxin genes, and none were found.
Based on plasmid profiles, restriction endonuclese studies, and hybridization with toxin and phage genes, it seems likely that neither the eltor nor the nontoxigenic Vibrio strains are a direct precursor of the newly isolated classical biotype of V. cholerae 01. It 
